The dose rate were established by Fricke dosimetry as 1.87 x 1017 eV ml-1 hr-1 and 3.37x 1017 eV ml-1 hr-1 taking G (Fe 3+) as 15 .5. The absorbancy of ferric ion produced was measured at 3050 A . Analysis The change in cytochrome c absorption at 5500A was measured at frequent intervals during the course of irradiation by removing the irradiation cell from radiation source, pouring the solution into a side arm to which was attached a 1 x 1 cm square silica cell.
The same initial reduction yield (G°) was defined as was in the work of Rabani and Stein') by extrapolating GD to zero dose which is given as following
X 10-2 where Er and s, are extinction coefficients of ferro and ferricytochrome c at 5500 A D, and D2 are the absorbed doses in eV/ml, A, and A2 are absorbancies at dose D, and D2 respectively, N is Avogadro's number and D is taken as (D1+D2)/2 . Thallic ion was estimated by the method of Snell7). The initial reduction yield Gr as a function of ferricytochrome c concentration is presented in Fig. 1 . The limiting value of Gr is found ca. 5 at the concentration of 8 x 10-5M. However, G-value which is fairly well accepted in radiation chemistry in dilute aqueous solutions for reducing species including hydra ted electrons fails to explain our limiting value in Gr observed in this work. As was pointed out by Rabani and Steins), high initial reduction yield has been explained in terms of the contribution of some other species, in addition to primary reducing species, It was also con firmed that little interaction was observed between thallous ion and ferricytochrome c and cytochrome c absorption at 5500A was not affected by thallous ion present in the solution. Initial reduction yield in solutions containing ferrocytochrome c and ferricyto chrome C. The following experiment was carried out in order to estimate the ratio of rate constant between a reaction of OH radical with ferrocytochrome and that with protein part of ferricytochrome and to try to explain the mechanism of radiation induced reduction.
The initial reduction yields G° in this system are given as a function of the ratio of ferro to ferricytochrome c concentration in Fig. 3 . The concentration of cytochrome c used in this run was higher than 8 x 10-5 M which gave the limiting value in initial reduction yield as shown in Fig. 1 
Ferrocytochrome c competes with ferricytochrome c for OH radical to form ferricy tochrome c as in (4) . RI-12-Fe e++OH--RH2-Fe3++OH (4) In addition to the reactions (4), reaction (5) has been assumed to occur H202+RH2-Fe e+--RH2-Fe3++OH-+OH (5) From the mechanism proposed by us, the following experssion is derived for initial reduction yield.
k4 (RH2-Fe2+) 1
G°===GehYd + (GOH+GH2 O2) k2 _RH2-Fes+ ) -GH zoz I k 4 (RH2-Fe 2i) 1 + k2 (RH2 Fe3+) At zero concentration of RH2-Fe 2+, equation I is reduced to G°=GehYd+GoH. Taking GehYd=2.80 and GoH=2.22, we obtain G°==GehYd+GoH=5.02 which is in fairly good agreement with the experimental result presented in Fig. 3 . Taking GH,o2 =0.71 as was found by Allen and Holroyd10) in neutral water, it follows that G° in this case is -0.84 which gives the ratio of concentration of ferro to ferricytochrome c as nearly 18. Negative value in G° means the decrease in absorbancy at 5500A i. e. the oxidation of cytochrome c. Taking k4/k2 the parameter in equation I as 1/1.2 and plotting Gr as a function of ratio of ferro to ferricytochrome c, we can draw a curve in Fig. 3 . Our experi mental values appear to fall in good approximation on this curve, indicating the possibility of measuring the relative reactivity of OH radical toward ferro and ferricytochrome and also the adequacy of the postulated reaction mechanism. Fig. 4 . Gr as a function of (T1+)/(ferricytochrome c). Dose rate were 1.87 x 1017 and 3.37 x 1017 eV, ml-1, hr-1. pH=7.0 (0.05M phosphate buffer).
Ferricytochrome c-thallous ion system
In Fig. 4 , initial reduction yields in the solution containing ferricytochrome c and thallous ion are plotted against the ratio of concentration of thallous ion to ferricytochrome. Gr appears to decrease with increase in concentration ratio. Range of ferricyto chrome c concentration in the run was between 8 x 10-5 and 1.1 x 10-4 M. As was shown by Sworski, OH radical oxidizes thallous ion to form unstable divalent thallium ion as in (6) OH +TI+=OH-+T12+
This may be reduced by hydrated electron ehyd and by the following reaction to form thallous ion. Tl2++ehyd=Tll+
In addition, divalent thallium ion in reaction (6) will reacts with H2O2 as in reac tion (9).
T1z++HZO2->T1++H++HO2
(9) The resultant HO2 in reaction (9) will reduce divalent thallium ion as in reaction (10) . TIz++HO2_Tl++H++O2 (10) Moreover, it would be possible that RH-Fe 3+ produced in reaction (2) 
When the concentration of thallous ion is low compared with ferricytochrome c, higher yield of ferrocytochrome c can be expected. Therefore reaction (5) and (8) will predominate over reaction (9) , the reaction (9) being negligible, and we can reduce the equation II to a simpler form in equation III.
The curve in Fig. 4 was obtained from equation III by taking k,/k2 as 1/6 . At lower ratio, the curve falls well on the points. however at higher ratio the curve appears to fall somewhat below the points. The deviation must be due to iognring the reaction (9) when equation III is derived. If reaction (9) is taken into account , G° from equation II should be larger than G° from equation III.
The rate constant for the reaction of OH with thallous ion in neutral solution has not been measured, however, an assumption is made that koH + T11+ ( =8.33 x 109 M-'sec-1) found by Sworski (II) in 0.4 M sulfuric acid is applicable for this neutral system. Taking kHzoz+HO in neutral solution as 4.5x 107 M-1 sec-1 and k6/k,=1/6 , we obtain relative reactivity of ferricytochrome c towards OH based on hydrogen per oxide as following. 
